Indirect tests of memory assess the influence of recent experience on task performance without requiring awareness of remembering. Evidence concerning whether there are reliable age differences on such indicators of implicit memory has been inconsistent. This inconsistency may be related either to the low power of previous studies, or the contamination of indirect measures by conscious memory retrieval strategies. In a statistically powerful test of this question, indirect and direct tests of memory were administered to 584 adults from three age groups (19-36 years, 55-69 years, 70-86 years). Significant age differences in favor of the young were found on the indirect test as well as the direct tests, suggesting that there are small but reliable age differences in implicit memory. Correlational analyses examining the relationship of memory performance to other cognitive variables indicated that the indirect test was supported by different components than the direct tests.
A MONG adults the relationship between age and memory •**• performance varies widely with type of memory test. It has been clearly established, for example, that older adults do not perform as well as younger adults on tests associated with episodic memory, such as recall and recognition, that require a subject to remember contextual information about an event (e.g., Burke & Light, 1981; Craik, 1977; Poon, 1985) . A different pattern of results has been found using tests associated with semantic memory, such as fact retrieval, vocabulary, and semantic priming. These tests involve access of general knowledge without reference to specific contextual details. It has been suggested that older adults perform as well as or better than younger adults on this class of memory tests (e.g., Burke & Harrold, 1988; Perlmutter, 1986) , although there are instances in which small deficits are found among older adults (e.g., Salthouse, 1988) . The contrast between episodic and semantic memory with respect to age-related effects clearly shows that memory abilities do not uniformly decline with age.
A third type of memory task recently has yielded yet another pattern of age-related effects (see Howard, 1988; Light, 1988 for review). These tests have been referred to as indirect or implicit memory tests (Richardson-Klavehn & Bjork, 1988; Schacter, 1987) . In contrast to episodic and semantic memory tests, which direct a subject to retrieve specific events or facts, indirect tests require only that the subject perform an assigned task without reference to particular prior events. Indirect tests are like episodic memory tasks in that they assess the influence of some recent experience on task performance. But with indirect tests, this influence typically is revealed through fluent reprocessing of a stimulus or performance of a task, rather than direct recollection of the experience. For example, in the word stem completion task, subjects are required to complete a word stem with the first word that comes to mind (e.g.,
CON
). Prior presentation of a valid completion for a stem enhances the probability of its generation, implying a form of memory for the initial presentation . The influence of prior experience on word stem completion is not necessarily mediated by an explicit recognition of that experience. Support for this assertion is seen in the fact that certain types of amnesic subjects, who exhibit severe episodic memory deficits, produce normal levels of enhancement on indirect memory tasks (e.g., Cohen & Squire, 1980; Graf, Squire, & Mandler, 1984) .
The pattern of age-related effects in indirect memory tests is one of small differences in favor of younger subjects. Often these differences are not statistically significant (e.g., Light & Singh, 1987; Light, Singh, & Capps, 1986; Mitchell, 1989; Moscovitch, 1982; Moscovitch, Winocur, & McLachlan, 1986) , but in some studies they are reliable (Chiarello & Hoyer, 1988; Howard, Heisey, & Shaw, 1986; Rose, Yesavage, Hill, & Bower, 1986) . There are two factors that may contribute to lack of consistency in the statistical significance of age differences on this class of tests. One involves the possibility that subjects performing an indirect memory task sometimes attempt explicit retrieval of information about previously presented items. This strategy may be induced by certain details of the experimental procedure such as indicating, prior to presentation of a list of items, that a memory test will be given afterward (Perruchet & Baveaux, 1989) , or administering a direct memory test before an indirect one (Chiarello, Hoyer, & Frazier, 1987) . Attempts to consciously remember items from the original list, a form of episodic memory, presumably would be more successful for younger subjects and could artifactually enhance age differences on a putative indirect memory test.
A second factor that may be responsible for inconsistent age-related effects in indirect memory is the potentially small magnitude of any existing age differences. Studies based on sample sizes of 30 or so subjects per age group may not have sufficient power to consistently detect small age effects. For example, Light and Singh (1987) obtained no significant age effects in word stem completion, but reported that the power of their studies to detect a small age difference in that task was no greater than .30. In contrast, Chiarello P23 and Hoyer (1988) found a significant age difference on their word stem completion task, and attributed their finding to enhanced power (.78) brought about by a larger sample size than that used by Light and Singh. There is a problem, however, in ascribing Chiarello and Hoyer's significant age effect to increased sample size. In Experiment 1 of Light and Singh's study there were 32 subjects per age group, whereas in Chiarello and Hoyer's study there were 36 subjects per age group, hardly a large enough change in sample size to increase power from .30 to .78. Rather, the source of the difference in power between these two experiments appears to be a difference in effect size. For example, the age difference in means on the word stem completion task for the Light and Singh experiment was .06 compared to .09 for the Chiarello and Hoyer study. When translated into measures of effect size for computation of power, the difference between these age effects might be magnified. A possible reason for the larger effect size in the Chiarello and Hoyer study is that explicit retrieval strategies may have made a contribution to performance on the word stem completion task. Evidence for this comes from the fact that the age effect was of similar magnitude for the cued recall and word stem completion tasks. This is surprising in the context of the usual finding of larger age differences in direct memory tests (Howard, 1988; Light & Singh, 1987; Light et al., 1986; Rabinowitz, 1986) .
DIRECT AND INDIRECT TESTS OF MEMORY
Given the uncertainty regarding the existence of small but reliable age differences in indirect memory tests, one of the goals of this study was to provide an unusually powerful test for an age-related effect. In order to increase power, we used a very large sample of subjects from three age groups. One indirect measure of memory (word stem completion) and three direct measures of memory reflecting both episodic and semantic memory (word, text, and fact recall) were obtained in order to examine age and gender differences in performance.
A second objective was to explore the possible relationship between indirect and direct tests of memory. Our view is that development of a framework for understanding agerelated change in memory functioning depends, in part, on specification of the relationships among types of memory skill and the pattern of age-related change associated with each kind of ability. Although memory theories that advocate the existence of separate subsystems suggest that few correlations between classes of memory tests should be found (e.g., Squire & Cohen, 1984; Tulving, 1983 Tulving, , 1985 , there are links between indirect tests of memory and both episodic and semantic memory tests. Indirect and episodic memory tests both reflect the influence of a recent experience, and indirect and semantic memory tests appear to be somewhat resistant to effects of aging.
Two recent, small-sample correlational studies have yielded conflicting results regarding the relationship between indirect and direct tests of memory. Using factor analysis, Perruchet and Baveaux (1989) obtained a factor structure in which two indirect tests of memory, including word stem completion, loaded on a factor with free recall and recognition, whereas two other indirect memory tests loaded on a factor of their own. The fact that subjects in this study were warned of impending memory tests prior to initial encoding of the target items may have contributed to the use of explicit memory strategies when performing some of the indirect memory tests. On the other hand, Mitchell (1989) found that measures associated with an indirect test, naming repeatedly presented pictures, loaded on a factor that was distinct from two other factors characterized as episodic memory and semantic memory. Unfortunately, Mitchell's measures of indirect memory were based on response time, and the factor defined by these tests also included the only other speeded test, a semantic retrieval efficiency measure. Rather than being an indirect memory factor, it is possible that Mitchell obtained a separate processing speed factor.
Our strategy in assessing the relationships among memory tests was to focus on the correlations between an indirect memory test and multiple cognitive abilities as well as other kinds of memory tests. As with earlier studies, we were interested in age-related differences in the pattern of correlations between the word stem completion test and other measures of episodic and semantic memory. We expected that if memory for a recent experience were accessed and used similarly when performing indirect and episodic memory tests, there would be significant correlations between these two types of test and, perhaps, corresponding declines in performance with advancing age. On the other hand, if as claimed by some (e.g., , indirect tests of verbal memory involve activation of existing representations in a similar fashion to semantic memory tests, one might expect these two types of test to be correlated and to resist change in later life. Finally, it is possible that indirect memory performance depends on processes or aspects of an encoding episode that are different from those used in either type of direct memory test and adheres to its own pattern of age-related change. Thus, we were also interested in the relationship between performance on the indirect and direct tests of memory and a number of component processes and abilities. In order to examine this question, we included measures of verbal speed, working memory, and verbal ability in the battery of tests administered to the subjects.
METHOD

Subjects
The sample consisted of 584 community-dwelling adults (343 women and 241 men) residing in a medium-sized metropolitan area. They were recruited through advertisements in the public media and through specific appeals to university and community groups. Subjects were paid a nominal fee of $15.00 for their participation in the study. Complete data on the measures of relevance to the present analysis were available on 544 of the subjects (319 women and 225 men), and it is these data that are reported here. The sample was divided into three age groups: 19-36 years, 55-69 years, and 70-86 years. Examination of the educational levels of the participants summarized in Table 1 showed that the younger adults had significantly more years of education than the two older groups, F(2,538) = 10.12, p < .001. Males also had significantly more years of education than females, F(l,538) = 5.96, p < .015. For all age groups, however, educational attainment and other demographic characteristics suggested that the sample was above average P24 HULTSCH ET AL. compared to the general population. Additional details regarding the sample, including comparison of the sample with the general population, may be found in Hultsch, Hertzog, and Dixon (1990) .
Measurement of Memory Performance
Memory performance was measured by one indirect and three direct memory tasks. The indirect test consisted of a word stem completion task, and the direct tests consisted of single trial recall of world knowledge, narrative texts, and categorical word lists. The first of these direct tasks may be seen as a measure of semantic memory, whereas the latter two tasks may be seen as measures of episodic memory. Two indicators each of the world knowledge, text recall, and word recall tasks were administered to subjects. Because previous analyses indicated these measures coalesced into separate world knowledge, text memory, and word memory factors (Hultsch et al., 1990) , scores on the two indicators within each domain were averaged together to yield composite measures that were used for the present analysis.
Stem completion. -Two lists of 30 nouns were prepared. The words contained from five to seven letters with an average frequency of 171.1 occurrences per million (Kucera & Francis, 1967) . Each word began with a different threeletter stem which could be completed into multiple words (M = 72.8; Webster's Pocket Dictionary). Subjects were exposed to the words in the context of a lexical decision task (described below). Half of the subjects were exposed to list A and half to list B. Immediately following the lexical decision task, subjects were given the stem completion task. The first three letters from each of the 60 words were printed followed by a 2 cm line. The stems were presented in random order in a booklet. Subjects were asked to complete each stem using the first word that came to mind. Indirect memory was assessed by determining for each list of word stems the proportion that was completed using the critical word (i.e., from lists A and B). For each subject, the list of items that was seen in the lexical decision task was classified as target items. The list that was not seen was classified as baseline items. A subject's indirect memory score was computed as the difference between the proportion of target items given as stem completions and the proportion of baseline items given as stem completions. The difference in these two proportions reflects the influence of memory for a recent experience with a word on subsequent stem completion.
World knowledge recall. -This indicator of semantic memory was defined by performance on two sets of 40 questions about factual knowledge in the domains of science, history, sports, geography, and entertainment drawn from the Nelson and Narens (1980) measure. The questions required recall of the information. A total of 240 questions were selected to construct six sets of questions equated for topic and difficulty (based on the Nelson & Narens, 1980 norms). Random thirds of the sample received blocks of two sets of questions. This was done in order to minimize retest effects across planned future occasions of measurement (the procedure permits complete counterbalancing of two sets of questions over three occasions of measurement). The proportion of correct responses was used as the measure in the present analysis.
Story recall. -Six narrative stories from a set of 25 parallel texts developed by Dixon, Hultsch, and Hertzog (1989) were used. Each story described an event in the life (lives) of an older protagonist(s). The stories were designed to be structurally equivalent. All were 24 sentences and approximately 300 words in length and contained approximately 160 propositions as identified by Kintsch's (1974) system for representing the meaning of texts. The main theme of each passage appeared in the first sentence. The stories were presented in typed booklets for study followed by written recall. Subjects studied the stories for 4 minutes (reading rate of 75 wpm) and had 10 minutes to write their recall, a rate that our previous work indicates is sufficient time for older subjects to perform the task. As with the world knowledge tasks, random thirds of the sample received two stories for study and recall. The proportion of propositions recalled was used as an indicator of text memory for the present analysis. Subjects' written recall protocols were checked against the propositions of the original text base. Propositions were scored as correct if the "gist" of the proposition's meaning was expressed (see Dixon et al., 1989 for additional information on this scoring system). A separate reliability analysis was conducted on the scoring system for the present data. Twelve stories were scored independently by seven different raters. Given an average of 160 propositions per story, each rater made approximately 2,000 scoring decisions. Across all possible pairs of scorers, the percentage agreement ranged from 90 to 93%, with an average of 90.9% agreement.
Word recall. -Six categorized lists of English nouns were developed using the Howard (1980) and Battig and Montague (1969) norms. Each list consisted of 30 nouns from six taxonomic categories (five words per category). Categories and exemplars were chosen to minimize potential interference effects within and between lists. In general, high frequency exemplars (ranks 2-9) were chosen, but to minimize guessing, the two most frequently ranked nouns were not selected. The lists were presented in unblocked order in typed booklets for study followed by written recall. Subjects studied the words for 2 minutes and had 5 minutes to write their recall, a rate that our previous work indicates is sufficient time for older subjects to perform the task. As with the world knowledge and text tasks, random thirds of the sample received blocks of two lists for study and recall. The proportion of words recalled was used as the measure in the present analysis.
Correlates
The correlates consisted of 14 measures tapping multiple cognitive ability components. The components were ones that have been found to be important correlates of performance on direct memory tasks (Hultsch, Hertzog, & Dixon, 1984 , 1990 Hartley, 1986 Hartley, , 1988 . Specifically, there were four measures of verbal speed, two measures of working memory, and four measures of verbal ability. In addition, two indicators of skill specific to the word and story recall tasks were available: category clustering and reading comprehension. Additional details regarding the specific tasks described below may be found in Hultsch et al. (1990) .
Verbal speed. -Tasks in this domain included two speeded decision tasks and two measures of speed of processing text materials. The lexical decision task required subjects to decide as rapidly as possible whether a 5-to 7-letter stimulus that appeared on the computer screen was an English word or not (e.g., island vs nabion). A total of 60 decisions were made. Median latencies of correct responses and proportion of errors were used as measures.
The semantic decision task required subjects to decide whether a sentence appearing on the computer screen was sensible or not (in the sense of its plausible occurrence in the world as we know it; e.g.,' 'The tree fell to the ground with a loud crash." vs "The pig gave birth to a litter of kittens this morning."). A total of 50 decisions were made. Median latencies of correct responses were used, and proportion of errors were used as measures.
In the search for answer task, subjects were asked to read a passage one sentence at a time and search for the answer to a previously presented question. The search was self-paced and the answer to the question was stated directly in the passage. A total of 16 passages were seen. The measure used was the total search time across all passages.
The reading speed measure was derived from the reading comprehension task. Subjects were asked to read a passage one sentence at a time on the computer screen. At the end of the passage, the subjects were asked five questions about the content of the passage in order to measure reading comprehension. There were six passages in all. The reading speed measure was computed as time per proposition. A trimmed mean across all six passages (48 sentences) was used (scores equal to or greater than three standard deviations from the subject's initial mean score were deleted, and the subject's mean score was then recomputed).
Working memory. -This domain was identified by two tasks requiring the subject to process new information while holding old information in memory to be reported later. In the nonverbal number tracking task, subjects were shown a series of digits on the computer screen one digit at a time. The numbers remained on the screen for 1 second with a 500 millisecond interval between digits. The length of the series was indeterminate, ranging from 5 to 9 digits. Three sets of 10 trials were given. In the first set, the task of the subject was to hold in mind the last digit while processing the next digit. In the second set, the subject was to hold in mind the next-to-last digit. Finally, in the third set, the subject was to hold in mind the third-last digit. In all sets, at the end of the indeterminate series of digits, the subject was asked to report the target digit. In the present analysis, the number of correctly reported digits from the third set was used. The verbal sentence construction task required subjects to read aloud a series of sentences presented on flash cards. One word of each sentence, printed in capital letters and underlined in red, was designated as the word subjects were to keep in mind while processing the series of sentences. At the end of the series, the subject was to report the target words in order. The reported target words formed a new sentence. Sets of 3, 4, 5, and 6 sentences yielding new sentences 3, 4, 5, and 6 words in length were used. There were three sets of each length for a total of 12 items. The score consists of the number of sentences correctly reported.
Verbal ability. -This domain was indexed by four tests from the Kit of Factor Referenced Cognitive Tests (Ekstrom, French, Harman, & Dermen, 1976) . Three of the tests are indicators of various aspects of verbal fluency. The Controlled Associations test asks subjects to write as many words as they can that have meanings that are the same or nearly the same as a set of target words. The Opposites task asks subjects to write as many words as they can that have meanings that are the opposite or nearly the opposite as a set of target words. Finally, the Figures of Speech task asks subjects to write as many words or phrases as possible that can be used to complete figures of speech which compare one object with another (e.g., "The fur was as soft as. . . " ) . These tasks were presented in booklets to small groups of subjects under the time limits specified for the tests. The fourth measure was an indicator of verbal comprehension. A total of 54 recognition vocabulary items from several tests were used. Included were Part 1 of Vocabulary Test II (V-2), Part 2 of Advanced Vocabulary Test I (V-4), and Part 2 of Advanced Vocabulary Test II (V-5). The items were presented in a booklet to small groups of subjects under the time limits specified for the three parts. The number of correct items was used as the measure in the present analysis.
Reading comprehension. -This variable was indexed by a memory-loaded comprehension task. Subjects were asked to read short narratives presented one sentence at a time on the computer screen for understanding. Immediately following reading, subjects were asked to answer a set of five factual questions about the passage. A total of six passages were read and tested by five questions each. The number of correct answers over all six passages was used as the measure.
Clustering. -This variable was based on clustering scores derived from the two word recall tasks. For each word list, ARC scores (Roenker, Thompson, & Brown, 1971) were computed from the subject's recall. An average clustering score from both word lists was used.
Experimental Procedures
The tasks were administered during three sessions scheduled over a period of about one month. Each session was about two hours in length with a rest break in the middle. The paper-and-pencil tasks were administered during the first two sessions scheduled about a week apart. Small groups of about five to ten subjects were tested at a time. The computer tasks were administered in the third session scheduled during the next two or three weeks. These tasks were administered to individual subjects. The order of the tasks within sessions was invariant.
RESULTS
The data analysis consisted of two parts. The first part examined differences in performance on the four memory tasks as a function of gender and age. The second part assessed relations between the memory tasks themselves and between performance on the memory tasks and the various indicators of cognitive ability.
Gender and Age Differences
Initial univariate analyses including gender, age, and counterbalancing group as factors revealed significant effects related to counterbalancing group for fact memory and word memory, a significant Age x Counterbalancing Group interaction for the stem completion difference score, and significant Age x Counterbalancing Group and Gender x Counterbalancing Group interactions for text recall. Counterbalancing was included in the design for future planned occasions of measurement, and is not of theoretical interest in the present analysis. Further, inclusion of the counterbalancing factor in the analysis had no impact on the pattern of gender and age effects. Therefore, the analyses we report collapse across counterbalancing group.
In order to examine gender and age differences, a 2 (Gender) x 3 (Age Group) MANOVA with alpha set at .05 was performed on the scores from the four memory tasks. This analysis showed significant effects related to gender, Wilkes \ = .79, F(4,535) = 35.86, p < .001, and age, WilkesX = .71,F(8,1070) = 22.42, p < .001. The Gender x Age Group interaction was not significant.
Examination of the univariate gender effects revealed that females scored significantly higher on both story recall (M f = .343, M m = .326), F(\ ,538) = 6.05, p < .05, and word recall (M f = .305, M m = .289), F(l,538) = 8.38, p < . 0 1 , but males outperformed females on fact recall (M f = .426, M m = .536), F(\, 538) = 74.90,/? < .001. There were no significant gender differences on the stem completion task (M f = .057, M m = .061). Table 2 shows the average proportion correct on the four memory tasks by age group. In the stem completion task, memory was defined as the amount of improvement over baseline performance that accrued as a result of prior exposure to a target word. This improvement was reflected in difference scores that were calculated by subtracting proportion correct in the baseline condition from proportion correct in the target condition. The univariate analysis of the difference scores revealed a significant age effect, F(2,538) = 7.36, p < .01, w 2 = .023. A Neuman-Keuls test with alpha set at .05 indicated that the youngest group obtained higher scores than either of the two older groups, who did not differ from each other. Although the three age groups did not reliably differ in the probability of using critical words to complete stems in the target condition, the two older groups were more likely to use critical words in completing stems in the baseline condition than the youngest group, F(2,538) = 13.52, p < .001, a) 2 = .051, thus yielding smaller difference scores for the older subjects. It is not clear why older subjects were more likely than younger subjects to complete the baseline stems with the critical words that we had chosen. But the difference scores, which reflect enhancement due to prior exposure of the critical words, reliably favored the youngest group.
Univariate analyses indicated significant age effects on all three direct memory measures (fact recall: F(2,538) = 8.23, p < .001, to 2 = .026; word recall: F(2,538) = 27.34, p < .001, (o 2 = .089; and story recall: F(2,538) = 51.69, p < .001, u) 2 = .158). Note that although all of the age effects are highly reliable in terms of alpha level, they vary considerably in terms of proportion of variance accounted for as estimated by the omega squared statistic. Further analyses using the Neuman-Keuls procedure were conducted to examine the nature of these age group differences. In the case of the fact recall task, the middle-aged (55-69 year) group performed better than the oldest group who, in turn, performed better than the youngest group. In the case of the word recall and story recall tasks, the youngest group recalled more than the middle-aged group who, in turn, recalled more than the oldest group.
Given the fact that there were significant gender and age differences in educational attainment, we also computed a MANCOVA on the four memory measures using years of 
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education as a covariate. The results of this analysis were virtually identical with those reported above.
Correlational Analyses
The correlational analyses were designed to examine, within each age group, relationships among the four memory measures and between each memory measure and the set of 14 additional variables. For these correlational analyses, an alpha level of .01 was used as the criterion of statistical significance. This relatively stringent criterion was chosen in order to reduce the likelihood of significant correlations due to Type I error, given the large number being computed (62 correlations in each age group). In addition, the correlation values we report were obtained by partialing out of the four memory tests variance related to gender, counterbalancing condition, and the interaction between these two factors. This strategy was chosen because the initial analyses of mean performance including counterbalancing group indicated that this factor and its interaction with gender accounted for significant variability in memory test scores.
The initial correlational analysis examined the relationships among the four memory measures. Of particular concern is the relationship between the indirect measure and the three direct measures. Significant correlations of the stem completion task with the direct measures could indicate that explicit memory processes were operating in the completion of the indirect test. The results are shown in the upper portions of Tables 3, 4 , and 5 for each of the three age groups. Examination of the first column of the upper portion Tables 3,4 , and 5 report the correlations between the four memory measures and performance on the cognitive ability variables. Examination of the tables shows a striking paucity of significant correlations with the stem completion measure. Of the 14 variables examined, there was only one significant relationship (a correlation of .17 with reading comprehension in the middle-aged group). In contrast, multiple significant relationships are seen between the direct memory tests and the various cognitive ability measures (25 for those aged 19-36 years; 28 for those aged 55-69 years; 39 for those aged 70-86 years).
One possible explanation for the lack of significant correlations with the stem completion task is that this measure was unreliable. In order to examine this possibility, we computed Cronbach alphas on randomly selected halves of the stem completion list. The proportion of target stems correctly completed from each of the random halves, minus the baseline measure for the entire list of words, was used to calculate the correlations. In addition to all 100 younger subjects, 120 subjects from each of the two older age groups were selected at random for this analysis. Cronbach alphas were computed separately for each of the age/counterbalancing groups. Apart from a modest Cronbach alpha of .43 (p < .01) for the oldest group tested using list A for the target set, all the other Cronbach alphas were within the range of .61 to .69 (p < .01). The square root of these measures of reliability constitutes an upper bound on the correlation between the stem completion task and any other possible measure. For example, given a reliability of .60, the upper bound of the correlation is .77. Because the magnitude of these upper bound estimates far exceeds the level of correlation needed for significance with our sample size (.16 to .28 depending on the age group), the stem completion measure was judged to be acceptably reliable.
DISCUSSION
The results of the present analysis provide clear evidence of significant age differences on one indirect test of memory, specifically a stem completion task. Younger adults' stem completion responses were more strongly influenced by previously seen words, suggesting a more robust implicit memory for the material. The finding of a significant age difference on the stem completion test is at odds with a number of previous studies (e.g., Light & Singh, 1987) , although it is consistent with others (e.g., Chiarello & Hoyer, 1988) . Earlier, we pointed out two potential reasons for the lack of consistent findings related to age differences on indirect memory tests: (a) lack of sufficient power to detect small but reliable differences, and (b) contamination of the indirect tests by episodic memory processes in some studies.
In the present instance, we find no evidence suggesting that the stem completion task was contaminated by episodic memory processes. The words were originally presented to the subjects in the context of a lexical decision task. In this context, the time available for processing the semantic meaning of the material is very limited, and the subject is not in any way led to expect that later recall or recognition of the items will be requested. Moreover, the correlational analyses provided no evidence of significant relationships between the three direct tests and the stem completion measure. To the extent that performance on the indirect test was contaminated by retrieval processes intentionally directed at items in the recently experienced list, one would expect such relationships.
Given that clear age differences are observed in the absence of any evidence for contamination by episodic retrieval strategies, it is argued that designs with substantial power are required to reliably detect significant age-related differences on indirect tests such as stem completion (cf. Chiarello & Hoyer, 1988) . Within this context, it is important to note that the amount of variance associated with age differences varied considerably across the four memory tasks. Age was associated with about 2% of the variance on both the indirect and semantic tasks, whereas it accounted for 8 and 15% on the two episodic tasks. Thus, it appears that although there are reliable age differences on at least some types of indirect tests of memory (e.g., stem completion), in comparison to episodic tests, these differences account for a small portion of the variance. A similar result was obtained by O'Sullivan (1988) using picture fragment completion as an indirect test of memory.
The correlational results extend the inferences that can be drawn from the analyses of mean differences in several ways. Despite the fact that age differences in mean scores favoring the young were observed on the indirect test and the two direct episodic tests, the correlational analyses clearly suggest that these two types of tasks were supported by different component processes. First, there were no significant correlations between the direct and indirect tests of memory in any of the age groups. In contrast, all of the direct measures showed significant relationships with one another in all three age groups. This latter result is reassuring given the fact that the various memory tasks involved widely different materials. Such a finding suggests that the lack of relationship between the indirect test and the direct tests cannot simply be ascribed to material differences. Second, the three direct tests showed multiple significant relationships with various component process measures thought to be important for memory functioning. In contrast, virtually no significant correlations were observed between the various measures of cognitive processing ability and the indirect stem completion measure.
The distinction between component processes involved in the direct and indirect memory tests used here can best be made in terms of the contrast between conceptually driven and data driven processes. Conceptually driven processes are directed toward the meaning of a stimulus, and are responsible for enabling accurate direct memory for events. On the other hand, data driven processes are responsible for perceptual analysis of stimuli, and are not typically adequate for successful performance on direct memory tests. The importance of semantic processing of stimuli for later recall and recognition tests has been well established (e.g., Craik &Lockhart, 1972; Craik &Tulving, 1975) . The influence of prior experience with a word on the word stem completion test, however, appears to depend on the application of data driven processes to the word's printed form. Completion of word stems with previously seen target words is not strongly influenced by the degree of conceptual processing applied to the words during their initial encoding Graf, Mandler, & Haden, 1982) . If words are not actually seen, but generated from a clue (e.g., tin-C ), or named in response to presentation of a picture (Roediger & Blaxton, 1987; Weldon, Roediger, & Challis, 1989) , later word stem completion shows little or no influence of the prior experience.
The correlational pattern within the three direct tasks is consistent with earlier work (e.g., Hultsch et al., 1984; Hartley, 1986) . Performance on these direct tasks is correlated with multiple information processing components such as verbal speed and working memory as well as intellectual abilities such as verbal fluency and verbal comprehension. These findings are discussed in detail by Hultsch et al. (1990) . We also found a pattern of somewhat higher correlations between the processing and ability components and performance on the memory tasks with increasing age. This pattern is consistent with the results of factor analytic studies of intelligence, which have shown stronger interrelationships among primary mental ability factors with increasing age (Cunningham, 1987; Hertzog & Schaie, 1986) .
In sum, the present results suggest that small but reliable age differences in favor of the young are observed on at least one indirect measure of memory. Although age accounts for more variance in the case of direct tests, the present results suggest that the failure of previous studies to find significant age effects on tasks similar to the present stem completion measure may be related to the power of the design rather than the absence of reliable age differences on such tasks. Finally, the correlational analyses indicate quite clearly that the component processes involved in the stem completion task are different from those involved in fact, word, or story recall. Clearly, it is necessary to determine whether this pattern of results will be seen with other types of indirect tests. A related next step is to explore the possibility that components reflective of data driven processes will correlate with indirect measures such as stem completion, or that more conceptually driven indirect tests of memory will exhibit correlational convergence with direct tests and their components.
